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MULTIPLE ANALYTE ASSAY DEVICE 

FIELD OF IHE INVEMTiON 

5 The present invention relates to methods aad devices for assaying biological fluid 
samples. More paiticularly, the inveation relates to methods and devices for detecting 
anaJytes, such as drugs, in urine. 

HIS TORY OF im l^ELAIED ART 

In their most simple form, chromatograpMc anaiyte test strips permit m assay to be 
10 performed in a single step (application of an analyte sample to the device) to produce 
visually observible assay results (such as those indicated by colored bars on the test 
strip). However, a cotmnon limitation of such test strips is that they can only be used to 
detect a single anaiyte, requiring that serial assay procedures be performed to detect 
additional anaiytes (for example, to test a sample for the presence of a panel of 
1 5 narcotics). Miiltipie dipping steps, such as are commonly used when multiple dipstick 
assays sxq sepaiateiy peifomied, present, not only a possible loss of scnsitivitv' of the 
assay (tlirough reagent mixing or loss of reagent solutions), but also aa esthetic and 
hygienic problem for the ajialyst. Repetitive perfon-nance of assay procedures is also 
tedious, which increases the risk that assays will be performed improperly or the results 
20 misinterpreted. 
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SUMMARY iW Tim IN VENriOH 

llie present invention provides an ^say device, device for separating a fluid aitalyte 
srnnph for use in muMpie assay procedures sxid methods for parfbrming mtiltiple analyte 
assays. In one embodiment of the assay device, the assay device is a dipstick having 

5 multiple aiiaiyte test strips, each of which includes a test zone and a controi zone. The 
test strips are eaclosed in a housing having m open side through which an end of each 
test strip protrudes to foim a sample loading mne, A protective cap is provided to seal 
the protruding ends of the test strips from exposure while not in use, iSach test strip is 
separatsed ftom the next within Uie housing by a raised ;^aoer. The portion of the housing 

10 vi'hich overlies the test and conto! zones is transparent to permit visually observible 
results shown m each 2»ne to be viewed. 

In cassette form, the assay device has the same structure described above, but the 
protruding test strips iuc inserted imo a cap which has a sample port for application of 
sample to the test strips. The cap is retained on the assay device by a close fit over the 
15 device housing. 

Each test strip provides binders and assay reagents for detection of a different analyte in 
the sample fluid in a particularly preferred embodiment of the assay device, the housing 
may be opened to permit substitution of different test strips to allow each device to be 
customized for detection of specific anaiytcs of interest- Assay sample integrity 
20 determinants consisting of test strips which allow measurement of parameters such as 
specific gravitv' and pH may also be included in each device. 

The invention also provide.^ a separator device for dividing a fluid assay sample into 
portions for use in multiple assays without need for contact between the assay operator 
and the fluid sample. This latter feature of the device increases operator Siifety and 
25 avoids inadvertent contamination of the assay sample. The sepamtor device may be used 
to separate any fluid assay sample, but is especially useful in assffjdiig samples for the 
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presence of narcotics, where a positive result on first testing of ttte sample may 
necessarily be followed by additional testing of the sample to confirm the resuit and the 
identity of tlie detected narcotic. To Ms end, tlie separator device is adapted particularly 
well to use with tlje assay device of this invention, 

5 The assay device of the invention makes specimen analysis easier because an analyte 
sample need only to be applied once to the assay device for testing. In addition, the 
replaceable nature of the analyte tesi strips allows the analyst to customize tiie array of 
assays to the teeing situation. Because the customization can be perfonned before adding 
tiie test sample (e.g., urine), fewer manipulations with the analyte sample are needed to 
10 obtain the desired infonnation. In addition, use of the separator device permits fmtlier 
testing of the sample to be perfonned without risk of adultering the sample in a 
preliminary assay petfomied accoKling to the invention. 

The invention also provides a method for as.saying one or more ajialytcs of interest. The 
proti'uding ends of the device are dipped into a fluid anahte sample. Binding of ail 

15 analyte present in the sample with one or more specific iigaiids can.ses formation of 
specific visual pattern in the test and control zones indicative of the test result. The assay 
results perfomied according to the uivention may be read visually without use of separate 
measuring equipment, Thu.s, performance of assays according to the invention requires 
only that the user introduce the requisite amount of test sample into the device of the 

20 invention, then observe any color changes which appear shortly thereafter in a detection 
mtiQ of an analyte strip. iTie method of the invention is especially useful for screening 
fluid analyte samples (e.g., urine) for the presence or absence of drugs of abuse. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



FIGURE 1 is an exploded view of a dipstick assay device of the invention. 

FIGURE 2 is a top view of a dipstick assay device of the invention. 

FIGU"RE 3 A is a top view of the upper half sample port cap of a cassette assay device of 
5 the invention, and FIGURE 3B is a top view of the lower half; base portion of the sample 
port cap, while FIGURE 3C is a side, cut-away view of the ititact cap with test strips in 
place therein. 

FIGURE 4 is a top view of the separator device of the invention. 

FIGURE 5 is a cross-sectional view of the separator device taken along line A- A at cut- 

1 0 away point B -B of FIGUjRJE 1 . 

FIGURE 6 is a lateral view of the separator device withia a specimen collection cup. 



Like numerais refer to like elements in the drawings. 
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BETAILED OESCiQPTION OF im'ENTION 

A. Dofmitions 

For ease of tmdet'standmg, the Mknving definitions will apply througboui this 
description: 

5 1 . The term "antigen" as xmd feereia refers to any analyte which is 

capable of binding antibodies. Antigens may comprise, witliout limttatioa, chemical 
compounds, polypeptides, carbohydrates, nucleic acids, lipids, and the like, including 
viral particles, viral subunits, bacterial and parasite surface antigens, and host proteins 
that may be diagnostic of the subject's condition. 

10 2. A "binder" refers to a ligmd for the anal vie as in the formal of a 

sandwich assay, or a Ugand for both the analyte and the tracer as in ttie format of a 
competitive assay, A binder can be chosen from a ^up of molecules or compounds 
capable of bwiding the analyte, such as an antigen to the antibody analyte, or an antibody 
to the antigen analyte, 

15 3. A "test zone" refers to an area in "which a binder or the analyte is 

attached, movably or immovably, to the test strip portion of an assay device. 

4. A "tracer" reiers to a Hgand for the analjte or the binder labeled with 
a detectable label, preferably a visiially readable particulate label, such as colloidal gold, 
latex and liposomes including dyCx cajlx>n black, and the like, 

20 

5. A ".sample loading zone" refers to an area of a te.^ strip on which a 
fltrid analj^te sajtnpie is applied for migration to the test zone. 
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6, A "test strip" of the invention consists of. coliectiveiy, all of the zone 
supporting membranies and any filters of the assay device. 

7, A "fluid ajialyte sample" can be any fluid suspected of containing 
analyte of inteifest for whicii a particular assay is specific. Test sample may represent any 

5 body fluid, including urine, blood, sweat, lymph, intraperitoneal fiuid, crude tissue 
extract or homogenate, derived &om a fistuSj neonate, juvenile or aduit subject; a non- 
biological fluid such as water from some ecoJogica! niche, e.g., a river or a lake; or a 
solution used in a laboratorj'. 

S- A "label" is a molecule or compound which directly or indirectly 
10 mediates the jformattoa of a signal (such as a color change) which is used in assay to 
indicate the presence, absence or concentration range of analyte of interest in a test 

sample. Labels may include enzymes, fluorescers, liposomes, ^Ihrocyte ghosts, 
polymer microcapsules, color polymer particles (latex), and preferably includes mh of 
metal-containing compounds. A wide variety of patents and patent applications provide 

15 an extensive literature of different tecluiiques tor producing detectible signals in 
immunoassays, Tlte following list of United States patents is merely illustrative of the 
type of label which can find application in this invention: U.S. Patent Nos. 3,646,346 
discloses radioactive label; 3,654,090, 3,791,932, and 3,817,838 disclose ena^one labels; 
3,996,345 discloses fluore.scer-quencher labels; 4,062,733 discloses nidioactive label; 

20 4,067,959 discloses fluorescer or enzyme label; 4,1 04,099 discloses chemiluminescent 
label; and 4,160,645 discloses non-enzymatic catalyst label. U.S. Patent No. 3,966,S79 
discloses ai5 electrophoretic technique emplojdng an antibody zone and U.S. Patent No. 
4,120,945 discloses a radioimmune assay (RIA) where labeled analyte is initially bound 
to a solid support tlirough antibody. U.S. Patent No. 4,233,402 discloses enzyme pair 

25 labels; U .S. Patent No. 4,720,450 discloses chemicaliy induced fluorescent labels; and 
U.S. Patent No. 4,287,300 discloses enzyme anionic charge labels. 
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Labels can aiK> be metal-contairaag sols; /,e„ metal or metal compounds s«ch 
as metaJ oxides, metal hydroxides, metal salts, metals or metai-containing compounds 
mixed witli pol>'mers or coated onto polymer nuclei. These metal labels may include dry 
forms of any of the above-named metal or metal compound sols, a«d preferably includes 
5 colloidal gold in dry fonn. 

9. A "complex" means (depending on tl^e comexi) any muUimolecular 
complex farmed by aualytc md one or more ligands, or by labeled ligand and 
immobilized ligand. In a sandwich-type immtmoassay, e.g., the following complexes 

10 occur: anaiyte/labeled ligand duplex first produced in the assay (first complex) md 
anal>te/labeled ligand/immobilized ligand triplex fomied second in the assay (second 
complex), 

10. "Fhiid coramiujication" refers to structures which are in contact with, 
1 5 but not necessarily affixed to, one anodjer. 

1 1 . "Assay" refers to several different t\pes of assay fomiais in which an 
analyte of interest can be detected using an assay lest strip. For example, in a saiidwich- 
type iimnunoassay, analytes of interest in the analyte sanipk» when present, bind a 
labeled txacer movably incorporated in the test strip (consisting of a porous membrane) 

20 at the tracer zone to fomi a iirst complex. The tracer is a molecule which binds the 
analyte of interest and is conjugated to a label, preferably a metal label, and most 
preferably colloidal gold. 

A second immobilized ligaid corresponding to the analyte of interest is 
coupled to the test strip at the test zone. Fsnst coinpiex and unbouiid labeled \igmd mix 
25 with the test ssanple and be carried along therewith by capillary action (wickitig) through 
the test zone. Analyte sample passes ikrough the test strip bringing the first complexes, 
if any, into contact with the unlabeled ligand immobilized in the test zone to fbon a 
second complex of labeled iigand-analyte-immobilizfid ligand. The first immobilized 
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iigand is iramobllixed in ike test mm by means kaowa in the art, including covalent 
bonding or attachment to an insoluble protein-coated s^irface (see, e.g., U.S. Patents No. 
4,200,690 md 5,075,078). When the second complex is Jbmed, a visible color pattem 
appeals in the test zone. Labeled iigand not bound to analyte in the test sample coatiaue 
5 migtBtioii by wicking into the control zone to contact the ligand immobilized there. The 
labeled ligand can bind the immobilized ligand in tlie control zone to form a third 
complex, and thus be captured in the control zone. 

Within tlie scope of this invention, the labeled ligand forming the complex in 
the control zone may be the same as the tracer fomiing the first and sectmd complexes, 
10 or it may be a different labeled ligand, 'l"he U^nd immobilized in the control zone should 
have specific affinity for the labeled lipnd intended to form the third complex. 
Fonnation of the thiid complex is indicated by a visible pattern in the control zone. 

Besides sandwich immunoassay method, other assay methods may be 
implemented in the devices of the invention. Tlicse methods may include competition 

15 and inhibition assays. In a competition assay, die aiialyte aiid tcacer liave similar affinitj' 
properties and comp^e for binding with immobilized ligand. Thus, in absence of analyte, 
the pattern {e.g., band) in the test zone is of maximum intensity. When present, the 
analyte binds to immobili^ Upnd to prevent the tracer from getting captured in the test 
zone. Thus, the intensity of the test band is reduced, depending on the concentration of 

20 analyte in the test sample. 

In aji inhibition assay, tlje analyte and immobilized ligand in the test zone 

each have affinity for the tracer, In the abseiice of analyte in the analyte sample, the 
tracer is captured by inunobilii^ed ligand, and a visible pattern forms in the test zone. 
When present, the analyte binds the tracer, thereby preventing it from binding to the 
25 immobilized ligand in the test zone. The resulting intensity of the test band is i-educed 
depending on the concentration of analyte in the test sample. 
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B. Dipstick Assay Device 

Turning to FIG. 1 , a dipstick fon» of the assay device is shown ia exptoded view. The 
device consists of a housing 100, which is defmed by base 101 and cover 1 10, Base 101 
can be constructed of any sterilizable material, such as a nonporoiis plastic (e.g., the 

5 commerciaiiy available plastic " ABS" supplied by the Monsaitto Company of St, Louis, 
MO.), Base 101 having a closed end 104 and an open end 106, slots 102A, 102B, 102C, 
102D and 102E separated by rails 103A, 1 03B, 103C and i03D for insertion of test strips 
105A, 105B, 105C, 105D and 105E. A particular advantage of this embodimeat of the 
assay device is its customizability in tliat test strips specific for different ^aiytes of 

10 interest to the user i»ay be inserted into base 101 and tlxat tlie mimber of test strips 
employed may vaiy (e.g., base 101 may have any number of slots from two upvratd to 
accomodate as many test strips as the user may desire). 

Referong to FIG. 2, when inserted into slots 102A, !02B, i02C, 1 02D and 102E, the test 
strips extend o ut of base 101 beyond open end 106. The length to which the test strips 

15 protrude from base 101 imist be sufficient to allow the test strips to contact a fluid 
analyte sample, prefembiy by immersion, and most preferably without allowing the fluid 
to contact housing 100, The test strips are conventional in form; therefore, because tiiose 
of ordinary skill in the ait vM be abundantly familiar with the design of such test strips, 
tliey will not be described in detail here. Hov^ever, each test strip mil have a test zone 

20 1 12 for binding of analyte (to indicate a positive test result for the presence of analyte in 
tite analyte sample) and a control zone 113 for binding of tracer (to indicate correct 
operation of the assay). PreffaBbly, the test zones and conteol zones of each test strip lie 
in the same location on each test strip so each can be viewed in side-by-side fashion- 
Each test strip is typically constructed of a porous membrane which is substantially inerl 

25 with respect to the analyte and must be porous or absorbent relative to the analyte sample 
to be tested, e.g., urine. The substance can be either bibulous matrices or nonbibulous 
matrices that are insoluble in, and maintain their structural integrity when exposed to 
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aqueous solutions or physiological fluids. Bibulous matrices that can be useM iht tbe 
devices of the present invention include but are not limited to, paper, sponge materials, 
cellulose^ hydrophilic inorganic powders, wood, ^nthetic resin fleeces, vmvm and 
nonwoven fabrics and like materials. Noiiiimiting examples of nonbibulous matxices 
5 include glass fiber, permeable polymer films mid prctbrmed or micioporous membranes. 
The absorbent material is preferably ab,?orbent paper. The absoitent material can be 
affixed by a double .sided adhesive {e.g., two sided adhesive tape) to a solid moistare 
impervious support- This support cau be constructed fix)m, for exainplCj hydrophobic 
plastic, ceUuiose acetate, polyethylene, terephthalate, polycaibonale, or polystyrene. 

10 The tracer is prepared according to the means known in the art. For purposes of 
producing a clearly visible reaction, labels of metal-containing sols are prefeired, with 
labels of colloidal gold or selenium being most preferred. An example of a suitable 

product is colloidal gold available from Jaiissen Life Sciences Products. These colloidal 
uietals produce distinctive visual patterns without addition of fimlier reagents; however, 
1 5 fluorescers (such as fluorescein) and enz>mes (such as ihose identified m U.S. Patent No. 
4,275,149), may also be i^d. 

Selections and choices for test binders (e.g., immobilized antigens, antibodies and other 
test and control binders), as well as suitable means for their attachment to porous test 
strip membranes, are well-known to those of ordinary skill in the art and will not be 
20 stated in detail here. To maximize contact of test satnpie witli the tracer and all test 
binders, the area occupied by each reagent on the test strip preferably extends from one 
side of the membrane to the other. 

For fiirdier teview concerning test strip construction, including selection and preparation 
of test reagents, the following references provide a representative sample of test strip 
25 designs kmmi in the art: US Patent No, 5,384,264 (commonly owned); US Patent No. 
4,491,645; US Patent No. 4,943,522; US Patent No. 5,252,496; OS Patent No. 5,714,389 
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aad US Patent No. 5,602,040, the disclosures of which are incoiporated tor purposes of 
reference. 



Test strips 105A, 105B, 1 05C; 1 05D md 1 05E may be secured within slots 1 02A, 1 02B, 
102C, 102D and 102E by adhesion to the floor of each slot; however, the piacement of 

5 cover 1 10 onto base lOlis aiMcient to retain tJie test strips within the base slots. To this 
end, cover 1 10 is conveniently constructed of an opaque tape having at least one 
transparent window 1 1 1 formed tiierein for viewing of test results along test zone 1 12 
and control zotie 113. To secure cover 1 10 onto base 101, as well as to secure test strips 
i05A, 1Q5B, I05C, 105D and 105E within slots I02A, 102B, 102C, 102Dand 102E, 

10 cover 1 1 0 is pressed into place to form an adhesive attachment between cover 110 and 
the upper edges of rails 103A, 103B, J03C, and I03D, To provide additional surface 
area for adhesion of cover 11 0 to base 1 0 1 , bar ! 07 separates closed end wail 1 04 of base 
!0I from rails 103A, 103B, 103C, and 103D. 



15 Conveniently, cover 1 10 is also provided with trajj.spareijt windows 1 1 5A, 1 1 5B, l\5C, 
n 5D and 1 1 5E tlvough which labels on test strips 1 02A, 1 02B, 1 02C, 1 02D and 1 02E 
can be viewed. The labels (not shown) may be printed with itifbnaiation of use in 
perfoniiing the assay, such as the identity of analyte detectibie with each test strip. 

In certain instances, it may be deskable to store the assay device after test results are 
20 obtained for later viewing. To that end, a five-vsided cap 120 is provided for insertion 
over open end 106 of base 101 (with cover HO ia place) to protect tlie pitJtruding ends 
of test strips 102A, 102B, 1 02C, 1 02D and 102E from contact with other materials, from 

dessication and from contact with the assay operator. Cap 120 is easily secured onto the 
assay device by a close nt, such as a Mction fit or snap-fit. 
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C. Cassette Assay Device 

In some instaaces (e.g., where the analyte sannpie is believed to contain pathogenic 
oi^anisms) it Is desirable to protect the assay operator from contact with analyte sample 
after its application to an assay device. To tivis end> the dipsticlt assay device may be 
5 convenientiy modified for use in closed cassette form. 

Mote specifically, cap 220 (FIG. 3A and 3B) is adapted to convert the dipstick assay 
device into a cassette. Cap 220 is similar in design to cap 1 20 (FIGS. 1 and 2), except 
tiiat sample application slot 221 is foimed therein to pennit analyte sample to be applied 
to test strips 202A, 202B, 202C, 202D and 202E dropwise; e.g., by pipetting the sample 

10 through slot 22 1 (in FIGURE 3C, only strip 202A is visible fiom tlie side view and ttie 
device housing is not shown). To avoid sample overflow, a reservoir 222 may be 
provided in the inner floor 223 of cap 220 by, for example, providing raised bar 226 on 
Boor 223 (in FIGURES 3 A and floor 223 is shomi as if split from roof 225 of the 
cap only for the putpose of permitting reservoir 222 to be viewed in the drawing). A 

1 5 downw^y piotmding bar 224 is provided from the inner snrlace of roof 225 of cap 220 
to depress the test strips into reservoir 222 so each (est strip has equal access to the 
analyte sample. After pcrformEuice of the assay, cap 220 remains in place on the assay 
device to protect the protruding ends of the test strips fiom corrtact with other materials, 
from dessication and ftom contact with the assay operator. 

20 D. Separator Device for Division of AnMyte Sample 

If a positive result is obtained from use of the assay device of the invention, it is u.*?ually 
necessar>' to further characterize the detected compound to better enable its 
identitication; e,g,, by mass spectrometry. However, it is rarely practical to ask that more 
than one assay sample be obtained irom a subject As such, any assay sample which is 
25 obtained must be divided into portions of sufficient volume for repeated testiitg, for 
example by pouring the original sample into sepamte specimen containers (at the risk of 
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Operator contamination aad sample loss). Even where the sample is only to be assayed 
once, the tendency of subjects to provide abundant urine samples poses a different 
problem in tliat too much sample can saturate a test strip and overwhelm the assay 
reagents. A^in, division of the sainpie is required. 

5 llie separator de-vice of tiie iawntion provides simple means tor dividing a sample whiie 
protecting the sample from contamination and the operator from the sample. To these 
ends, the separator device consists of a riiig which is just siiialler in diameter tljan the 
inner diameter of the open end of a specimen collection cup so, when pressed inside of 
the open end of the cup, the ring will remain seated there, A collection chamber (for 

1 0 example, a "V" shaped well) extends across the ring and is attached tiiereto so the ends 
of the coilcction chamber are closed by the itmer walls of the ring. 

ill use, ao assay fluid is placed vifithin the specinten collection cup to a level below the 
point where tlie separator des'ice will he seated, llie assay operator presses the separator 
device into place and seals the specimen collection cup with a cap. The operator inverts 

1 5 the specimen collection cup several times so fluid potffs into the collection chamber of 
the separator device. The balance of the fluid assay remains below the level of the 
separator device and is therefore protected fi»m contact with reagents or other material 
placed therein. A test strip (such as the assay device of the invention) is placed into 
ccaitact with the portion of the assay sample contained within the collection chamber of 

20 the separator device; e.g., by dipping an end of the test strip into the collection chmiiber. 
After the assay sample is loaded from the collection chamber onto the test strip, the latter 
is removed and the separator device is carefully lifted from the specimen collection cup 
for disposal. 

Use of the sepaiBtor device provides the assay operator with a volume of assay sample 
25 fluid which is sufftcientiy limited to avoid saturation of the test strip. For example, 
wheie the assay device utilized is the device of this inven tion, the collection chamber is 
of a depth and length suflRcientiy limited so the maximum fluid level achievable in the 
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coliection chamber is lower than the ievei of tlie assay device housing, 'Hie 
imcontaniinated baiance of the assay sample still iti the specimen collection cup is 
available for itether t^^ing; e.g., for mass spectrometry to detotnine the identity of any 

compounds detected in tiie initial assay of the portion of tije saiintple separated in the 
5 separator device. Conveniently, tiw separator device may be provided in the fomi of a 
kit, iiicludiiig the separator device, a sterilisred specimen collection cup with cap and 
foioeps for removal of ih& separator device from the cup afier performaiice of the assay. 
Such a kit may also be provided with the assay device of the invention. 

An example of a separator device is sliown in Figures 4 through 6, Although the 
10 separator device shown is in the shape of a ring (to corcespond to the common cup-like 
shape of urine collection cups), those of ordinary skill in the art will recognize that the 
separator device may be of any shape which conibrms to a specimen collection container 

having at least one open end into which the separator device may be seated, 

Referring to FIG. 4, a top view of separator device 400 is provided. Ring 401 has an OD 
1 5 of slightly less than the ID of the specimen collection cup into which tl>e separator device 
is to be placed. Collection chamber 402 spans ring 401 and is defined by walls 403 and 
404. 

Ixiokingthiou^i sepaiator device 400 along line A-A from cut-away point B-B (FIG. 5), 
it is seen that walls 403 and 404 meet at point 405 to form a V-shaped well. Those of 
20 ordinary skill in the art will recognize that collection chamber 402 may take the form of 
a half-circular, squared or otliei shaped well, but a V-shape is a convenient well form to 
manufacture. Collection chamber 402 is closed at both ends of the well by inner surface 
406 of ring 401 . Also, it \vili be appreciated that separator device 400 may be provided 
with more than one collection chamber. 

25 FIG. 6 vshows separator device 400 in place within specimen collection cup 410. It can 
be seen from ¥IQ. 6 tiiat the height of ring 401 is restricted so neitlier it nor collectioti 
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chamber 402 extend above the level of the open mouth 411 of cup 410 (to avoid 
interfering witli ciosure of cup 410 by its cap [not shown]). Assay sample fluid 412 
remains below separator device 400 in cup 410. 

Separator device 400 maybe constructed of iwy sterilizabie material which is acceptable 
5 for use witii fluid assay saiilpies, the identity of wliich will be kiiownn to those of ordinary 
skill in the art (e.g„ plastics such as polycarbonate and glass). Prefembiy, the material 
will be non-porous and hydrophobic, 

E. Methods for Use of tl\e Assay Devices 

The method of the invention may be used to detect any analyte present in fluid sample, 
10 The invention is especially useM for detection of monoepitopic and potyepitopic 
antigens and antibodies aKK)ciated with pathologies, as well as physiological compounds 

and drugs. 

The assay devices of the invention, are particularly weil suited for use in drug screening 
assays and for diagnostic testing of organisms. In the Ibnner respect, a five drag panel 

1 5 of assay tests is recommended by the >Sational Institute on Drug Abuse (NID A), wMch 
includes tests for tetrahydiocannabinol and other marijuana metabolites, cocaine 
metabolites, opiate metabolites, phencyclidine {PCP, Angel Dust), and amphetamines. 
For a more extensive substance abuse testing panel, die choice of analytes tested can 
include marijuana metabolites; tetrahydrocannabinol and other marijuana metabolites, 

20 cocaine metabolites, opiate metabolites, phencyclidine (PCP, Angel Dust), 
affiphetami«es, barbiturates, benxodiaziepines, methaqualone, and propoxsishene. The 
analj-te test strips for drug tests preferably have the sensitivity' cquai to tiie cutoffs 
recommended by Substance Abuse Mental Health Sesa'ice Administration (SAMS1L'\) 
md NIDA, which most employers use. Binders and reagents for use in coiistructimg test 

25 strips for use in detecting drugs of abuse are well-knox^vn in the art and will not be 
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described in detail here; however, representative sotirces of such materials are described 
iii the Examples below. 

Subjects undergoing drug tests are often creative in their attempts to adulterate the 
anahte saraples to evade detection of drugs of abuse likely to be present in the sample. 
5 To minimize the effects of such evasion etlbrts on results obtainable with the assay 
devices of the invention, test strips may be provided in the devices which indicate the 
integrity and condition of the analyte sample. For example, test strips may be provided 
to simtiltaneoiisly assay the anaiyte sample for for pJ i, osmolality (the total concentration 
of sohites in urine, expressed as mOsm/kg and measured as a fimction of fluid specific 
10 gravity), or the presence of albumin. 

In test strips for pH, the ^p is impregnated with various dyes that respond with different 
color changes to a pH in the range of 5 to 9. Dependmg on the acid-base status, urinary 
pll may range trom as low as 4.5 to as high as 8,0. Although this test is done routinely, 
ft neither identifies nor excludes patients with urinarj' system disease. The test can, 
1 5 however, indicate that the condition of the urine sample has deteriomted. 

To test the specific graN^ty (which is directly proportional to urine osmolality) of an 
analyte test fluid, analyte test strips are available that measure specific gravity in 
approximations. For example, U.S. Patent 4,318,709, to Falb et al, issued March 9, 
1982, provides a test means for dsteiraining the ionic strength or specific gravity of an 

20 aqueous test sample, the te^ mcsans comprising a weakly acidic or weakly bs^c 
poiyelectix5i>te which is at least partially neutralized, and an indicator means capable of 
producing a detectable response to ion exchange between the polyelectroijle and the 
sample. The test device is a cairier matrix incorporaied with the test liiearis, and the 
method for its use involves contacting an aqueous test sample with the device and 

25 observing a detectable response. The disclosure of the '709 Patent is incorporated ibr 
reference herein. 
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Normal urine osmolality varies between 50 and 1200 mOsm/kg (specific gravity between 
1 .002 and 1 ,035), Any urine having a specific gra%'ity over 1 ,035 is either contaminated, 

contains Ytry high levels of glucose, or the patient may have recently received high 
density radiopaque dyes intravenousiy for mdiograpliic studies or low molecuiar weight 
5 dextrau solutioiis. 

Conimercialiy available analyte test strips also permit simple and rapid testing for 
protein. Methods based on dye binding techniques have proven especially useM because 
dye binding methods are readily automated and provide reproducible and accurate 
results. In general, dye binding techniques use pH indicator dyes that are capable of 

1 0 interacting with a protein, such as albumin, and that are cs^iabie of changing color upon 
interaction with a protein absent any change m pH. When a pH indicator dye interacts 
Willi, or binds to, a protein, Uie apparent pKa (acid dissociation constant) of the indicator 
dye is aJtei-ed and the dye undergoes a color transition, producing the so-called "protein- 
error" phenomenon. In metlwxis utiUziug iiie dye binding technique, m\ appropriate buffer 

1 5 maintains the pi i indicator even at a constant pH to prevent a color transition of the pH 
indicator dye due to a substantial shift in pH. Due to the "protein-error" phenomena, 
upon intcr^on with the protein, the pH indicator dyes undergoes a color transition tiiat 
is identical to the color change arising because of a change hi the p.H. Examples of pJI 
indicator dyes used in the dry phase assay of proteins that are capable of interacting with 

20 or binding to proteins and exhibiting "protein-error" color transitions include 
tetrabromophenol blue and tetrachIorophettol-3,4,5,6-tetrabromosuIfophthalein, Simple, 
accurate and inexpensive protein detection assays have been developed for the detection 
or measurement of protein in urhie and serum {See, e.g.. U.S. I'atent 5,096,833 to Lau ei 
ai.f incoiporated herein for reference). 

25 l"he m ethod of the invention is performed by applying analyte sample to test strips by 
immersion (dipstick forms of the device) or by applyix^ tlie sample dropwise tlirough 
slot 221 in c^ 220 (FIG, 3; representing cassette forms of the device)- After waitiag a 
predetennined time, such as from about 1 5 seconds to about 60 seconds, test nestdts are 
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viewed tfarou^i window 1 1 1 or 21 1 (FIGS, i and 2), either visually or by an instrument, 
A color change in test zone 112 or 212 (FIGS. 1 and 2) indicates the presence or 

concentratioE of ai»a!>le in the sample, Wlien no band appears in test zones, or if the 
controi band is neitlier distinct nor &liy formed, the assay is regarded as incompetent to 
5 indicate the presence or absence of analyte in the test samples and may be perfonned 
again, hi addition, the assay can be made quantitative by employing spectrophotometric 
or colorimetric tecfamques, as opposed to visual techniques, in order to more reliably and 
more accurately measure the degree of color transition, and therefore more accurately 
measure the concentration of aaalyte in the test sample. 

10 F. Kits 

'Hie invention pro\'ides a kit nscM for the detection of analytes of iiiterest, havmg a 
carrier cojnpartmen{aU2cd to receive one or more container.'? holding the muhianalyte 
a.ssay device of the invention or paits thereof. Preferably, the multiaialjte assay device 
is part of a kit which may be composed of the device, instnictions for its use, a sample 
1 5 collection cup, a capillary device for measuring test sample, a pipette for inti-oduction of 
sample to the device, and a desiccant packet 

Desiccant provides low humidity conditions necessary for preservation of reagents 
diaing the shelf life of the device. Alternatively, a desiccant tablet or a desiccant packet 
may be included in an air-tight protective pouch with the device, instructions for use of 

20 the multianalyte assay device may be printed onto the cover or onto the packaging of the 
miiltianai>te assay device or may be printed in Uterature to be packaged mth the 
multianalyte assay device. The kit may additionally include an attached temperatnre 
strip, lids i^br the specimen cup, and tlic literature. Components of such a kit for use in 
performing an assay procedure (e.g., excluding printed instnictions) are preferably to be 

25 .sealed in one or mom air-tight packages, such as foil packets. 
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The following examples provided to illustrate a use Ibr iiic invetttion and do not limit 
its scope. Unless otherwise aoted, all terms and abbreviations used in the examples are 

standard in the art. 

fixampie 1 

5 ^ssa>; for Six Dm g s M^ ^ A^ 

Six chromatographic strips for detecting drugs of abuse (methamphetaminej 
opiates/morphine^ marijuana/tetrahydrocannabinol, amphetamine, 
cocaine/benzoylecgonine, betizodiazeplne) each of a size of 5 mm x 73 mm were placed 
in slots of the device of the invention as shown in FIG. 1 . Each strip consisted of a 

10 colloidal gold*iafoeled antibody (specific to the target drag) incorporated into the 
upstream end of the strip (tracer zone) in the middle of a 30 mm fiberglass matrix, and 
an aitigen-BSA binder inimobilized in the center (binder zone) of a 22 nmi attrocelkilose 
membranf lying downstream of, cmd in fluid coinniunication with, the fiberglass inatrix 
(wherein the antigen is either the drug of interest or an analog thereof having the same 

1 5 immnnogenicity). Downstream to the nitrocellulose membrane was a 26 mm long filter 
paper. The matrix, membrane and filter paper were attached on a vinyl jsiteet so each was 
in fluid communication, by overlapping 2min of each of their ends. 

1 5 drops (0.7 ml each) of analyte sample (hiiman urine) were applied to the sample port. 
Results were read after 10 minutes. The presence or absence of a pink-rose color band 
20 in the binder zone indicated negative or positive results for the presence of each drug of 

interest in the analyte sample. 

For comparison, additional aliquots of tlie anaiyie samples were separately tested for the 
presence of the same drugs of abuse by a commercial assay (Syva EMIT ElA II). The 
second panel of test results correlated with tiie Kisuits obtained according to the 
25 invention. 
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Although the invention has beeai described with reference to the presently pteferred 
embodiment, it should be understood that various njodifications caa be made without 

departing from the spirit of the invention. Accordingly, the invejition is limited only b>' 
the following claims. 
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CLALMS 

What is claimed is: 



1 . A device for assajing a fluid, for the presence or absence of different anaiytes 
comprising: 

(A) a base having adjacent slots therein of sufficient length for msertion 
of a test strip therein, wherein each slot is de&ed by (a) a f\mt, (b) raised wails 
depending upwardly from the floor to separate each adjacent slot fiom tlie next, and (e) 
at least one open end; 

(B) a muitipiicity of test strips having an itpstream and a downstream end, 
wherein a single test strip is inserted into each slot of the base so the downstream end of 
each test strip protrudes out of the open end of each slot; and, 

(C) a cover attached to the upwardmOv^ surface of each raised wall of the 
slots of the base, wherein tlie cover retains the test strips within th& siots and has a first 
transparent window formed therein through which each of the test strips can be viewed. 

2. The device according to Claim I furtliej' comprising a cap for insertion over 
the protruding ends of the test strips. 

3. The device according to Claim I further comprising a second transparent 
window formed within the cover through which the test strips can be viewed. 

4. The device according to Claim 1 wherein each test strip has a test zone therein 
and each test zone contains a binder specific for a different atnalyte. 

5. The device according to Claim 4 wherein each binder is specific for a 
different drug of abuse. 

6 . The device accordii^g to Claim 4 wherein each test zone is visible through the 

first transparejtit window of the cover. 

7. The device according to Claim 4 wherein each test strip &rtlier comprises a 
label upsij-eam of the test zone, which label identifies the analyte for which tlie binder is 
specific, 

8. TTis device according to Claim 3 and Claim 7, wtterein the label on the test 
strip is visible through the second transparent window of the cover. 
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9. The device according to Claim 4, fiather con^iising test strips for 
determining the integrity of the fluid analyte sample. 

10, A device fot assa>diig a fluid for the presence or absence of different anal>tes 
comprising: 

(A) a base having adjacent slots therein of sufficient length for insertion 
of a test strip thereio, wherein each siot is defined by (a) a floor, (b) raised walls 
depending upwardly Ixom the floor to separate each adjacent slot from the next, and (c) 
at least one open end; 

(B) a multipiicity of test strips having an upstream and a downstream end, 
wherein a single test strip is inserted into each slot of the base so the upstream end of 
each test strip protrudes out of the open end of each slot; 

(C) a cover having (a) a first section attached to the upw^dmost surfece 
of each raised wall of the slots of the base, wherein the fttst section of the cover retains 
tiie test strips witiiiu the slots and has a first transparent window foiTned therein titrough 
which each of the test strips can be viewed, and (b) a second section enclosing the 
protruding ends of the test strips, the second section comprising: 

(i) a sample port fonmd through which fluid analjie sample may 
be applied to the protniding ends of the test strips; and, 

(ii) a floor opposing the sample port, the floor comprising a wall 
having a raised bar therein which defines a flnid reservoir 
beneath the sample port. 

1 i. The device according to Claim 1 0 wherein the second section of the cover is 

removable from the first section of the cover. 

12. The device according to Claim 10 further comprising a second transparent 

window formed within the cover through which the test strips can be viewed, 

13. The device according to Claim 10 further comprising a muMpiicity of test 
strips inserted into each slot of the base, wherein each test strip has a test zone tliereia 
and each test zone contains a binder specific tor a di.fterent analyle. 

14. The device according to Claim 13 whenjin each binder is speciiic for a 
ditJerent dmg of abuse. 
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15. The device acconling to Claim 1 3 wherein each test zoae is visible thiough 
the first tratispar ent window of the cover, 

16. The device according to Claim 13 wherein each test strip ftirther comprises 

a label downstreait) of the test zone, which label identifies the anahte for which the 
binder is specific. 

1 7. Hie de\'ice according to Claim 12 and Claim i 6, wherein the label on tlie test 
strip is visible throngii tlie second transparent window of die cover. 

IS. The device according lo Claim 5 wherein the drug of abuse is selected ftom 
the group consisting of methiunphettimine, opiates/morphine, 
marijuana/tetrahydrocannabinol, amphetamine, cocaine/benzoylecgottine, methadone, 
POP, barbituate, trichloroacetic acid and benzodiazepine. 

19. The device according to Claim 1 4 wherein the drug of abuse is selected from 
the group consi^ing of mcthmtiphetamine, opiates/morphine, 
maiijuana/tetrahydrocanjiabinol,, amphetamine, cocaine/ben?»ylecgonir>e, methadoncj 
PCP, barbiiuate, tjtidiloroacetic acid and besizodiaKipine. 

20. The device according to Claim 13, further comprising test strips for 
determining the integiity of the fluid analvte sample. 

21. A device for .separating a fluid analyte sample tor use in mtiltiple assay 
procedures, the device comprising a ring having an outer diameter sufficient to allow 
insertion of the ring into a specimen collection cup, and a collection chamber bisecting 
the ring, wherein the collection chamber is ' V'-shaped with an open bight and opposing 
endvS closed by attachment to the ring. 

22. A method for assaying a fluid analyte sample for the presence or absence of 
multiple aiialytes, the method comprising: 

(A) immersing the protmding ends of Uie test strips of the device of Claim 
1 into the fluid analyte sample; aitid, 

(B) reading the assay results through the first transparent window of the 

cover, 

23. The method according to Claim 22, further comprising the step A',. %vherein 
the sample in a closed specimen collection cup having the separation device of Claim 21 
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placed Ihereift and the s£«nple sepaiation is accomplished by inverting the specimen 
collection cup to allow fluid analyte sample to flow into the colleclion chamber of the 

separator device; and wherein further step A is performed by immersing the pj-otoditig 
ends of the test sttips into the fluid collected in the chamber. 

24. A method for assaying a fluid aiialyte sample for the presence or absence of 
multiple aiiahtes, the method comprising: 

(A) applying fluid analyte sample through the sample port of tiie cover of 
tide device of Claim 10 to contact Uw test suips of the device; and, 

(B) reading the assay results through the first trsmsparent window of the 

cover, 

25. A method for separating a fluid anal>1« sample for use in multiple assay 
procedures, wherein the sample is contained m a closed specimen collection cup havir^ 
the separation device of Claim 21 placed therein, the method comprising inverting the 

specimen collection cup to allow a poition of the fluid ana]>le sample to flow into the 
collectioB chamber of the sepaiator device and the remainder of the IMd anal>le sample 
to be retained in the specimen collection cup. 
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